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POLICY SIMULATION OF T=E
INTERNATIONAL COFFEE ECONOMY:

FINAL REPORT

by Walter C. Labys*

This final report describes the completed research of

the coffee policy simulation project. It briefly reviews

progress leading to the policy simulation stage, describes

the policy simulation procedure itself and presents some

simulation results. The report traces research activity

that has taken place between August 12 and September 14, 1981,

Fand consists of the following parts: model estimation and

. testing, model base forecasts, and policy simulation of

7quota levels. The theoretical specification adopted for

the coffee model that provides the basis for the simulations
is given in the initial project report: Policy Simulation

of the International Coffee Economy: Model Description.

Model Estimation and Testing

The estimated or empirical model that has been derived

from the theoretical model specification is given in the second

project report: "Policy Simulation of the International-

Coffee Economy: Interim Report." Missing from that report

are the final variable adjustments to individual equations.

These are listed below incomplete of the underlying statistics
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Of parameter significance, goodness of fit, and auto-

correlation. The list of variables employed in the model

is given below in Table 1, and equation statistics may be

found in Appendix 1.

EXPORTS BY COUNTRY AND R~EG ION

BRAZ IL:

MXBRAEQ: EQUATION
1)EXBRA-QBRA4-CONBRA- I EBRA- IEBRA\ 1)

1>AHBA-- I >+ 0.539341>xAHBRA\1 + C2O.6913>xPR1\7 4~3>2> + <8 474394>34mBRA1 (28l.225>+<O.559341NN.6BRA\2+c2 b13<C

CAHBRAEQ HAS BEEN CORRECTED FOR FIRST-ORDER 4IUTOCORRELAT ION)

?B>N&-.AW~ ION

IERAEO: -.U
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'ii (A E1 5.O.o IE4OZ8Q
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YLDBRA, CONBRA = EXOGENOUS

COLOMB IA:

EXCOLEQ: EQUATION ~ICLICL1

QCOLEQ: EQUATION
1'QCO!7 (-275> + c1. Of2> Q\1 + < 1.1I56>3PR1\1 66

2> + <1437.51>'COL 0. 11282> ICL\- <-12 7.55>+<1 .033412>x

QCOLEQ HAS BEEN CORRECTED FOR FIRSTW AJTOCORRELAT ION)

CONCOL, IECOL = EXOGENOUS

OTHER SOUTH AMERICA:

1>EXSAMOTHEL-QSAMTHER-CONSMOTHER-C IESAI4OTHER- IESMTHER\ 1)

QSAMOTHEREQ: E TIN
TH4 (20026> + <0.762773>xQSAM0THER\1 + (5.70501)XtPRI\1 6

8>+SA 8.52I %XSMOTtER

CONSAmOTHER, IESMTHER = EXOGEOUS

AFRICA:

F> & W W-IEAFR-IEAFR\1)

COWFR, IEAFR x EXOGENOUS



-3-

NORTH AM4RICA:

1>XNM ~t*-CNNM- IEA- IENM\ 1)

> N E9 12;N> + <O.7O8O54>xcQ4AM\l + <2o.5825>xPRl\1 69
2> 8 d18.16~XNI

CONN#A4, IENAM = EXOGENOUS

* ASIA AND OCEANIA:

EXASIA&OCEEQ: EQUATION
1>EXASIA&OC =A IASOCE-CONAS IASOCE-( IEAS IAgOCE- IEAS IA&OCE\ 1)
QASIA&OC : EQATION~

CONASIA&OCE,-IEASIA&*OCE = EXOGENOUS

WORLD

EXWORLDEQ: EQUATION
1>EXWORLD=EXBRA+EXCOL+EXNAM*EXSAI4OTHER+EXAFR+EXAS IACOCE

IEPRODTOTEQ: EQUATION
1>IEPROD-I EPROOXBRA+IEBRA

IEPRODXBRA = EXOGENOUS

IMPORTS BY COUNTRY AND REGION

UNITED STATES:

1>MU.- .3>- <49.6904>xPR1 - <3.58319>xGNP$75US <1.04776>x 94
2C(IEUS-IEUS\1

EUROPE:

MEURE:EQUATION
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REST OF WORLD:
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TABLE 1

LIST OF COFFEE MODEL VARIABLES
(As utilized in the econometric specification)

Symbol Identification

Endogenous

QBRA Brazil coffee production

QCOL Colombia coffee production

QSAMOTHER Other South America coffee production

QAPR Africa coffee production

QASIA&OCE Asia and Oceania coffee production

QNAM North America coffee production

QWORLD World coffee production

EXBRA Brazil coffee exports

EXCOL Colombia coffee exports

EXSAMOTHER Other South America coffee exports

EXAFR Africa coffee exports

EXASIA&OCE Asia and Oceania coffee exports

EXNAM North America coffee exports

EXWORLD World coffee exports

CONBRA Brazil coffee consumption

CONdOL Colombia coffee consumption

CONSAMOTHER Other South America coffee consumption

CONAFR Africa coffee consumption

CONASIA&OCE Asia and Oceania coffee consumption

CONNAI North America coffee consumption



PICA76 ICO composite indicator price, 1976
Agreement (unweighted average of
robustas and other mild arabicas). This
price series may have to be adjusted
to reflect the new agreement formula.

PBRICA Unwashed arabicas price (Brazilian,
Santos No 4). This price series needs
to be replaced by a better price such
as U.S. unit value imports.

PCOL ICO Colombian mild arabicas price
(Colombian Hams). This price series
needs to be replaced by a better price
such as U.S. unit value imports or
Guatemalan prime washed.

PMA ICO other mild arabicas price (El
Salvador, Central Standard, Guatemalan
Prime Washed, Mexico Price Washed).

PRl U.S. Unit Import Value (Deflated)
for coffee

PM U.S. Unit Import Value for Coffee

PGUAT Guatemala prime washed price

MUS United States net coffee imports

MEUR European gross coffee imports

MOT8ER Rest of World gross coffee

I4WORLD World gross coffee imports

ZEBRA Brazil coffee inventory (end of year)

I RCOL Colombia coffee inventory

IRSANOTHER Other America coffee inventories

IEAFR Africa coffee inventories

IEASIA&OCZ Asia and Oceania coffee inventories

IENAM4 North America coffee inventories

IEPRODXBRA Coffee inventories held by producers
other than Brazil
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IEPROD Total producers coffee inventories

IEUS United States green coffee inventories

AEBRA Brazil acreage harvested (ha)

YLDBRA Brazil coffee yield (60 kg bags/ha)

QINV Inventories accumulated
as a result of quota operations

Exogenous

GNP$75US GNP in United States at constant market
prices

GDP$75EUR GDP in OECD-Europe it constant market
prices

T Time trend variable

Xquota ICA coffee export quota for world

or for individual regions

CPIUS United States Consumer Price Index

DPR Dummy variable for PRl based on ICA
quotas and 1977 member
disruption

DIBRA Dummy variable for extremes in Brazil
coffee inventories

RSTUS Dummy variable for United States
reported green coffee roastings

ACCUS Dwmmy variable for United States
apparent green coffee roastings

DCUS Dummy variable for extremes in United
States coffee roasting.

DAFR Dummy variable for Africa
production cycle

DCOL Dummy variable for Colombia
production cycle

DMAM Dummy variable for North America
production cycle
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DSAMOTHER Dummy variable for Other South America
production cycle

DMI Dummy variable for extremes in rest
of world imports

The testing of the model required that the estimated

and actual values of the endogenous variables in the model

be reasonably close over the sample period of model estimation,

1960-80. This closeness or accuracy can be measured in a

number of ways, the most simple one being the mean average

percent error (MAPE): n

NAPE X E -0Fi0
1.-

where Et = estimated value of a variable in time period t,

At = its actual value, and n - number of time periods. Table 2

shows the MAPE for different versions of the coffee model

tested. The final model selected HISTSIM831 shows

reasonably good accuracy with less than 10 percent error for

most variables. Brazilian exports proved as exception at

19'.0 percent, largely because of the model's inability to

simmulate erratic government intervention policies.

jn

k -... . . . . . . ._ _,,,_,_,,
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Table 2

MEAN AVERAGE PERCENT ERROR
FOR COFFEE MODEL ENDOGENOUS VARIABLES

OVER THE SAMPLE PERIOD
1960-1980

9 % S

Endogenous MAPE MAPE NAPE' MAPE4 NAPE'

Variables Version 1 Version 2 Version 3 Version 4 Version 5

QBRA 6.49 6.46 8.49 9.70 9.81
QCOL 3.46 3.18 3.62 4.79 4.83
QNAM 6.94 6.87 7.46 8.13 7.74
QSAMOTHER 4.96 4.64 5.56 6.13 5.85
QAFR 7.91 7.78 8.25 4.53 4.52
QASIA&OCE 4.65 4.93' 5.95 7.10 6.64
QWORLD 3.46 3.12 2.75 2.46 2.39
MWORLD 2.45 2.28 2.49 2.85 2.68
MUS 3.99 3.18 3.26 3.50 3.41
MEUR 2.87 2.73 2.84 3.05 2.98
MOTHER 5.57 Fp57 5.31 5.31 5.31
IEBRA 12.14 12.75 31.26 41.85 9.12
IEPROD 6.72 6.96 12.55 16.30 4.66
EXBRA 14.91 16.06 16.71 18.98
EXWORLD 7.40 7.19 5.52 4.80 4.77
PRI 10.30 12.082 11.36 10.76 11.07
AHBRA 6.49 6.46 8.49 9.70 9.81
ACCUS 2.52
PICA76 12.41

) Version WED7I00 - ARI equations
a)Version Aug20A - PRI equation uses EXWORLD rather
than WORLD

9)Version NEWHIST827.- With new USDA data
4)VersionBISTSIN828 - CoffeelHIST1 with all new
equations required by USDA revisions

$)Version HISTSIM831 - CoffeeQHIST1 with add
factor for IEBRA
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MODEL BASE FORECASTS

Problems of Model Forecasting. To evaluate the

impact of the coffee export quota levels over the next five

years, a base forecast extending from 1981-1986 had to be

S prepared. Three problems in particular had to be solved.

First, the exogenous variables in the model such as

GNP and CPI had to be forecast over the same period. This

was accomplished largely using forecasts in existing data

banks, mainly those of Data Resources, Inc. Other exogenous

variables to be forecast included consumption and inventories

in the producing regions.

Second, the special class of exogenous variables, the

dummy variables, had to be extrapolated into the future. This

was accomplished by careful analysis of foreseable market

conditions, as explained in the next section.

Third, the slight differences between FAO demand data

and USDA supply data had to be reconciled in the forecast

period to facilitate export quota operations with the model.

This was accomplished by equating imports with exports at the

world level. A residual adjustment was then made and allocated

to other importing regions.

Model Adjustment. The selection of values for the

dummy variables in the model followed the perception of foreseeable

market conditions. These conditions in turn have been checked

with expert opinion so that a realistic model forecast could

be proposed. The variables together with their values are

reported in Table 3. Below a rationale is presented for each.
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Brazil. The unexpected large production of 32,000,000

bags for Brazil in 1981 required that several related variables

be adjusted. First, an absolute increment of 5,000,000 bags

(QBRA) was added to the model's prediction. Second, crop yields

that were predicted exogenously were increased from 9 to 11

bags/hectare for 1981. Brazilian inventories (IEBRA) also

were decreased and placed in sales to prevent overaccumulation.

Finally, area harvested (AHBRA) as predicted by the model grew too

sharply and the area was decreased to make the prediction

more realisti-.

TABLE 3

EXOGENOUS VARIABLE ADJUSTMENTS
FOR THE FORECAST PERIOD, 1981-86

DAFR DCOL DOCUS DIBRA DMI DtNwM DPR DSAfOTR

8:11 SASO 0:000 :8 :88 0018 -8188N :
0.75 .0 0.000 0.0 00o 0.000 0.500 0.000 0. 1001 o1 0 .oo 0 000 0:000 0.00 0.500 0.00 8:8

1 0M00.000 0:008 0.000 o . 0 00

MIRA 9QBM SIESRA SPRI MM

1ii 1:i 501S~ 001q i il
0.000 0.000 0:00 .000
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Colombia. The dummy variable reflecting cyclical

fluctuations in the coffee tree production cycle DCOL was

changed from 0 - 1 variation to 0 - 0.5 variation to reflect

the declining influence of this cycle in Colombia.

Africa, South America and North America. The cyclical

production dummies were changed from 0 - 1 variation to a constant

0.5 value to reflect the declining influence of this cycle,

i.e., DAFR, DNAM, and DSAMOTHER. The increase in the value to

0.750 in later years for Africa reflects the cumulative effect

of increased tree plantings on African production.

Europe. Because coffee consumption in Europe is believed

to be near saturation level, the model's prediction which did not

include this factor were too high and a downward adjustment

has been made. See MEUR.

Prices. A dummy variable DPR has been used to account

for direct, unusual frost effects on coffee prices. An adjustment

is shown in 1982 to reflect the Brazilian frost condition

carrying over from 1981.

Base Forecast Validation. Given the above model

adjustments, a base forecast has been produced which provides

the "most likely" coffee market scenario under free market

conditions, i.e., with no international coffee agreement

including export quotas in effect during the forecast period.

The export quota simulations are then tested with this scenario

as the basic market outlook. The base forecast for the major

endogenous variables is summarized in Table 4.

NN = --- 7
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Table 4

COFFEE MODEL BASE FORECASTS
1981-1986

1981 1982 1983 1984 1985 1986

TOL 10. 1, 18,017.173 2 62J0. 3 2,05. 0 2100.0~4MSET2 14,593 P2 13,121.5 2 : 8 17 2 3 1 ,2 740
QSAMOC hER 2 3,8 .72 , .0 70 0 0 ,413.025 3,31 .4 3 ,2 5.9

COSA'OTHER !,559.000 1 3'.0018H7 00 1,2.0 2,5.0 ,7.0

AFR.SET2 1 ,894*70.8 29 1 4.00 2 i,ll. 20 70. 2107011.18ASIA&OCE.SET2 9,522: .00 9' 2 .094 9,25 004 89,1 .7 9.0 925 10,141.749

1981 1982 1983 1984 1985 1986

CONBRA 8,500. 8,600. 8,70 8,800. 8,90 9,000.000CONCOL 1,550.000 1,900.000 1,1850.000 2,000.000 2,050.000 2,100.000
CONM 3,817.000 3,975.000 3,70.000 3, 2500 3,.000 3 ,150 .000
CONSAMOTHER 1,5.000 1,535.000 1,600.000 1,b25.000 1,50.000 1,75.000
CONAFR 2,697.000 2,740:000 2,790.000 2,840.000 2,900.00 3,00 000
CONASIA4OCE 2,792.000 2,800:.000 2,850 .000 2,900 .000 2,950.000 3,000o000

1981 1982 1983 1984 1985 1986

IEBRA 19,482.68 1, 2.849 11,415 1,011 .210 1,02.70 1
IEPRODXB A 2 431.208 310 9 2 3 0 29,001 8,48.02 0

4E2R, 7,9.9 4 4 545 4 1.200 5,223.070 54,624.331

1981 1982 1983 1984 1985 1986

EXBRA 17j8Ij 13,830.6 1111.6 14 44.

EXNAJM 10;3P4 *935 10,120.211 9;4: 92 1215:197 98 :025 ;41.7 0
EXSP OTHER 1213 2 , 40.070 1,803. 125 ,'
EXAFR 15 973.710 2 10 . 02 41 17 330 :70
EXASIA.OCE 5, 83. 0 .9 08.004 6,913.718 7,03.925 7 1T

1981 1982 1983 1984 1985 1986

4, .?887 78, 41.6 1 8 , 43.9. j 670 907552

MEUR ,0 1 ,1 :0 I.'0:?~ ;:4

1981 1982 1983 1984 1985 1986

p~i jj:8 4 .1:22 448
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A typical problem of forecasting with a model is that

the accuracy of the forecasts in i future period cannot be

determined, since actual values are not available for comparison

with forecast values. One approach is to start the forecasts

earlier, to "save" several periods for comparision. The approach

deemed most useful here is to compare the model's forecasts

with some alternative forecasts that could be said to reflect

"expert" judgment. Below such a comparison is made for a

selected set of variables. The source of the alternative

forecasts are unofficial "expert" forecasts by economists

from the World Bank and other institutions.

The pattern of world coffee trade forecast by the model

is compared to the expert forecasts in Table 5. The expert

production forecasts reflect a growth rate of 1.4 percent from

the actual 1980 value. The model forecast of 90,776,000 bags

for 1986 compares favorably to the export forecast of

89,943,000 bags. The model forecast in the interim years,

however, reflects changing production conditions. For example,

the large 1981 and small 1982 production forecasts reflect the

Brazilian influence, a bumper crop followed by a frost-

induced decline. Other producers catch up in 1983 but

relatively '.ower prices in previous years stall any further

production growth until 1985 and 1986.

The model's export forecast of 62,784,000 bags

approximates that of the experts at 63,752,000 tons by 1986.

The latter reflects a growth rate of 1.2 percent from the

•1980 actual value. Fluctuations in intervening years reflect

the carryover of production from 1981 to 1982 an well as

the other stated production conditions.
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Table 5

MODEL FORECAST COMPARISON FOR
WORLD PRODUCTION AND EXPORTS

1981-1986

PRODUCTION* EXPORTS *

Expert Model Expert Model
Forecast Forecast Forecast Forecast

1980 82,745 78,778 59,850 55,186

1981 83,903 94,850 60,060 6.0,651

1982 85,078 78,531 60,783 62,141

1983 86,269 85,363 61,512 59,721

1984 87,477 84,921 62,250 60,147

1985 88,702 86,496 62,997 60,713

1986 89,943 90,776 63,752 62,784

*000/bags
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Underlying the above world production and export

forecasts are those of individual countries and regions.

Forecast comparisons for Brazil, Colombia, and Africa are

shown in Tables 6, 7, and 8. The model's prediction

of Brazilian production conditions reflects the bumper crop

and subsequent frost of 1981. By 1985 the model forecasts

exceed the experts' forecast; this largely reflects the

increasing number of coffee trees in Brazil. The experts

forecast is based on a growth rate of 3.7 percent from 1980.

Exports, however, are expected to grow more slowly: the

experts employed a growth rate of 3.1 percent from 1980. Both

the expert forecasts and model forecasts are very similar

for 1984, 1985, and 1986. The model does not forecast a

greater export level; even though Brazil's production is

increasing, world imports are expected to slow down, preventing

a higher export level. In addition, Brazilian coffee inventorier,

determined endogenously, are expected to increase over the forecast

period.

The model prediction for Colombia's production grows

at about the same rate as the experts. The latter is based

on a 1.4 percent growth rate from the 1980 level. However,

an annual fluctuation can be perceived because of the cyclical

crop production pattern. This same pattern in reflected in

Colombia's exports. The growth rate of 1.0 percent suggested

in the experts forecasts is less then that of the model. This



-16-

increase is based on the assumption of a relative increase

in the demand for milds.

The model and expert forecasts for African production and

exports are given in Table 8. The expert production forecasts

are based on a growth rate of 2.4 percent from 1980 and the

export forecasts on 3.1 percent. In both cases, the forecasts

are similar by 1986. The acdel forecasts show more

realistically the impact of crop fluctuations on production

and exports.

Table 6

MODEL FORECAST COMPARISON FOR
BRAZIL PRODUCTION AND EXPORTS

1980-1986

PRODUCTION* EXPORTS*

Expert Model Expert Model

Forecast Forecast Forecast Forecast

1980 20,000 18,069 12,000 13,428

1981 20,740 33,395 12,372 17,318

1982 21,507 18,017 12,755 14,536

1983 22,303 25,771 13,151 14,018

1984 23,128 24,516 13,554 13,831

1985 23,989 25,314 13,979 13,922

1986 24,872 27,746 14,413 14,343

6-1
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Table 7

MODEL FORECAST COMPARISON FOR
COLOMBIA PRODUCTION AND EXPORTS

1981-1986

PRODUCTION* EXPORTS*

Expert Model Expert Model
Forecast Forecast Forecast Forecast

1980 14,000 13,889 9,750 9,638

1981 14,196 14,657 9,848 10,657

1982 14,395 15,051 9,946 12,121

1983 14,596 14,668 10,045 11,718

1984 14,801 15,115 10,146 12,115

1985 15,008 14,878 10,247 11,828

1986 15,218 15,343 10,349 12,242

Table 8

MODEL FORECAST COMPARISON FOR
AFRICA PRODUCTION AND EXPORTS

1981-1986

PRODUCTION* EXPORTS*

Expert Model Expert Model

Forecast Forecast Forecast Forecast

1980 19,171 19,392 14,052 14,795

1981 18,950 18,894 15,441 15,324

1982 19,405 18,435 15,920 15,695

1983 19,870 18,742 16,413 15,952

1984 20,347 19,287 16,922 16,447

1985 20,836 20,329 17,446 17,340

1986 21,336 21,716, 17,987 18,676

*O00/bagn
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No forecast comparisons appear for the other producing

regions in the model, since expert forecasts could not easily

be assembled for these regions. The declining values of

production and exports for North America reflect the expected

continued downward trend in coffee production in this region

due to coffee rust problems, the associated high cost of

production, and increasing political instability in the major

producing countries.

The forecast comparisons for world imports is given in

Table 9. The expert forecast is based on a growth rate of 1.2

percent from an estimate of 1980 imports. The model forecast

for 1986 is 65,647,000 bags compared to 63,753,000 bags for

the expert forecasts. The world import levels reached for

1981 increase only slightly by the end of the forecast period,

reflecting the model's assumption of relative saturation of coffee

demand in the United States and in Europe.

The final comparison is that of prices. Model forecasts

have been prepared for the basic model price, the U.S. unit

import value, as well as the Guatemala Prime washed price.

Except for 1981 and 1982 the model's prices are above the

expert forecast price. The model better reflects the changes

in production and exports occuring in response to the Brazilian

situation.
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Table 9

MODEL FORECAST COMPARISON FOR
WORLD IMPORTS*

Expert Model
Forecast Forecast

1980 62,000 62,372

1981 60,060 63,637

1982 60,783 65,158

1983 61,512 65,092

1984 62,250 64,194

1985 62,997 64,998

1986 63,753 65,647

Table 10

MODEL FORECAST COMPARISON FOR PRICES
(Current value, 1981-1986)

Guatmla Prim Washed U.S. Mdt k nrtt Value
Expert Model Expert Model
Forecast Forecast Forecast Forecast

1980 164.3 209.2 141.9 182.3

1981 127.3 118.5 109.9 103.0

1982 134.1 10.7.1 115.8 93.0

1983 147.9 156.3 127.7 136.0

1984 161.6 174.5 134.6 151.9

1985 175.4 185.9 151.5 161.9

1986 189.2 193.6 163.4 168.6

i i
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Policy Simulation of Quota Levels

Model Simulation Program. The theoretical specification

of the submodel that would predict the impact of alternative

quota level and trigger price mechanism policies has been describe&

in the project papers cited earlier, "Model Description" and

"Interim Report." The translation of that theory into an

effective agreement evaluation submodel has been accomplished

by constructing an overall model framework. This framework

described in Appendix 2 can be operated interactively with the

model using the DRI network. The model equations used for

the quota simulation are contained in Appendix 3.

The program featuring the quota simulation framework

attempts to maintain coffee prices within the price range

specified by the agreement. Block I of the model shown

in Appendix 2 decides whether coffee should be placed into stocks

or removed from stocks. In the former case, the program

advances to Block II of the model and stocks reflecting

differences between export levels and quota levels are

stored. In the case of-higher prices and the need to place

stocks on the market, the program advances to Block III of

the model. Coffee stocks are liquidated to help move prices

within the specified range.

Not included in the Appendix 2 are a set of additional

statements and equations that determine changes in revenue

resulting from quota operations for the various exporting and

importing regions in the model.
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Selecting Quota Allocations. To perform simulation

analysis with the quota program, it is necessary to establish

quota levels for testing and then to allocate them among the

exporting countries belonging to the ICA. The quota levels

to be analyzed are those reflecting the policy position of

the U.S. Government, some 55-56 million bags at the world level.

To allocate these global quotas among countries, either

the allocation can be given or it can be generated on the

basis of past allocations. The latter approach has been employed

initiallY. The following listing shows the distribution of the basic

ICA annual quota of 57,370,000 bags for the crop year 1980/1981

together with the distribution of non-quota exports. Aggregations

have been performed such that the regions reported conform to

those of the coffee world.

Region Basic Quota Non-Quota Total

Brazil 14.5 0 14.500

Colombia 9.7 0 9.700

North America 10.5 0.780 11.280

Other S. America 2.2 0.163 2.363

Africa 13.2 0.984 14.148

Asia and Oceania 5.0 0.373 5.373

Total (000 bags) 57.364

Here non-quota exports of 2,300,000 bags were allocated

according to the percentage distribution of the basic quota
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among these four regions. The total export allocations

shown in the final column after being converted to percentages

provide the basis for the export allocations in the quota

program.

A simulation for the period 1982-86 was performed under A

the assumption that an International Coffee Agreement (ICA)

similar to the one currently in effect (export quotas as

described in the previous paragraph and a price range of

$1.15-1.55/lb.) is in operation over this period. As shown

below, the simulation suggests that the ICA would not be

successful in keeping prices within the specified range: the

price is below the floor in 1982 and above the ceiling in

1984-86 (the price is within the range in 1983, as it also

was in the base simulation). This appears to be because

the stocks accumulated in the (unsuccessful) attempt to raise

prices in 1982 are exhausted in 1984, the first year of

pressure on the ceiling, leaving little in the way of stocks

to defend the ceiling in 1985-86.

One point that should be made at this time is that a

comparison of projected "free market" export levels (Table 4)

with the export quotas used for this simulation shows that

Brazil, North America, and South America will likely not be

able to meet their quotas 1982-86, while Colombia, Africa

and Asia and Oceania could easily exceed theirs. This means

that the pattern of inventory accumulation and liquidation

simulated by the model may not accurately reflect the actual
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pattern. The ICA has provisions regarding the reallocation

of export quota shortfalls, and clearly it would be desirable

to include an export quota reallocation feature in the next

version of the coffee model.

PRICE
(PICA76)

Year Base Forecast Quota Forecast

1982 $0.98 $1.09

1983 1.43 1.55

1984 1.60 1.67

1985 1.71 1.77

1986 1.78 1.82



Appendix 1

Equation Statistics

AHBRAEQ

LEAST SQUARES WITH FIRST-ORDER AUTOCORRELATION CORRECTION

ANIUALC1961 TO 1980) 20 OBSERVATIONS*
DEPENDENT VARIABLE: AIHBRA

COEFFICIENT STD. ERROR T-STAT INDEPENDENT VARIABLE
281.225 227.5 1.236 CONSTANT

1) 0.559341 0.1301 4.299 AHBRA\1

2) 20.6913 6.896 3.000 PRI\7

0.474394 0.2763 1.717 RHO

R-BAR SQUARED: 0.9594
DURBIN-WATSON STATISTIC: 1.4323
STANDARD ERROR OF THE REGRESSION: 157.7 NORMALIZED: 0.05739

I EBRAEQ

LEAST SQUARES WITH FIRST-ORDER AUTOCORRELATION CORRECTION

ANNUAL(lg61 TO 1980) 20 OBSERVATIONS

DEPENDENT VARIABLE: IER

COEFFICIENT STD. ERROR T-STAT INDEPENDENT VARIABLE

-17556.0 2236 -7.853 CONSTANT

1) 0.883839 0.03300 26.78 (IEBRA\I+QBRA)

2) 4490.96 1171 3.835 DIBRA

0.408299 0.2433 1.678 RHO
R-BAR S QUAED: 0.9901

2T E d 2491' NORMALIZED: 0.06636
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QCOLEQ

LEAST SQUARES WITH FIRST-ORDER AUTOCORRELATION CORRECTION

S44AL(1961 TO 1980) 20 OBSERVATIONS
DEPENDENT VARIABLE: QCOL

COEFFICIENT STD. ERROR T-STAT INDEPENDENT VARIABLE

-1237.55 408.7 -3.028 CONSTANT
1) 1.03342 0.06784 15.23 QCOL\1
2) 11.1456 5.426 2.054 PR1\1

3) 1437.51 165.8 8.669 DCOL

-0.631282 0.2014 -3.135 RHO

R-BAR SARED: 0.9776
DURBIN-4 TSON STATISTIC: 1.8176
STANDARD ERROR OF THE REGRESSION: 297.6 NORMALIZED: 0.03313

QSAMOTHEREQ

ORDINARY LEAST SQUARES

ANNAL(1961 TO 1980) 20 OBSERVATIONS
, DEPENDENT VARIABLE: QSAMDTHER

COEFFICIENT STD. ERROR T-STAT INDEPENDENT VARIABLE

280.026 348.5 0.8034 CONSTANT

1) 0.762773 0.1267 6.018 QSAMOTHER\1

2) 5.70501 3.501 1.629 PR1\1

3) 388.521 122.5 3.170 DSA4OTHER

R-BAR SQUARED: 0.8263
DURBIN-WATSON STATISTIC: 2.0513
STANDARD ERROR OF THE REGRESSION: 236.1 NORMALIZED: 0.07479

ORDINARY LEAST SQUARES

6~?~Io) OSERVAT IONS

COEFFICIENT STD. ERROR T-STAT INDEPENDENT VARIABLE
2112.55 1235 1.710 CONSTANT

1) 0.708054 0.1185 5.975 qNVAI" 1l

2) 20.825 1224 1.607107\

STM~NSDSI ERROR OTIt .19STNM ERKOF THE RGESO:881.6 NOWAPLIZID: 0.07107
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QAFR2EQ

ORDINARY LEAST SQUARES

ANNUAL(1960 TO 1980) 21 OBSERVATIONS

DEPENDENT VARIABLE: QAFR

COEFFICIENT ST. ERROR T-STAT INDEPENDENT VARIABLE

-3007.58 2136 -1.408 CONSTANT

1) 0.990399 0.07940 12.47 QAFR\1

2) 31.4871 14.76 2.133 ((PRI\8+PR1\9+PR1\10)/3)

3) 3045.99 295.9 10.30 DAFR

R-BAR SQUARED: 0.9485
DURBIN-WATSON STATISTIC: 1.7811
STANDARD ERROR OF THE REGRESSION: 557.6 NORMALIZED: 0.03045

QAS IA;OCEEQ

LEAST SQUARES WITH FIRST-ORDER AUTOCORRELATION CORRECTION

ANNUAL(1961 TO 1980) 20 OBSERVATIONS
DEPENDENT VARIABLE: QASIA&OCE

COEFFICIENT STD. ERROR T-STAT INDEPENDENT VARIABLE

-60.7836 261.2 -0.2327 CONSTANT

1) 0.972497 0.07706 12.62 QASIAS.OCE\l

2) 11.2852 5.864 1.924 PRI\1

-0-392518 0.2417 -1.624 RHO
R-BAR SQUARED: 0.9474
DURBIN-WATSON STATISTIC: 2.1261
STANDAR') ERROR OF THE REGRESSION: 394.2 NORMALIZED: 0.06937

MUS3EQ

ORDINARY LEAST SQUARES

ANNUAL(1960 TO 1980) 21 OBSERVATIONS

DEPENDENT VARIABLE: MUS

COEFFICIENT ST. ERROR T-STAT INDEPENDENT VARIABLE

28611.2 874.6 32.71 CONSTANT

1) -49.7558 11.72 -4.245 PRI

2) -3.84711 0.8095 -4.753 GNP$75US

3) 1.03113 0.1713 6.018 IEUS-IEUS\1

2.0965
ST0AD ERROR OF THE REGRESSION: 786.4 NOWAU.ZED: 0.03761



Appendix I (continued) 1-4

IMEUREQ

ORDINARY LEAST SQUARES
----------------------------

ANIJ.1 960 TO 1979) 20 OBSERVATIONS

DEPE NN VARIABLE: MEUR

COEFFICIENT STD. ERROR T-STAT INDEPENDENT VARIABLE

200S.35 854.6 2.350 CONSTANT

1) -63.2797 11.85 -5.341 PRi

2) 17.8760 0.7094 25.20 GDP$75EUR

R-BAR SQUARED: 0.9769 1
DURBIN-AT STATISTIC: .8
STANDARD ERROR OF THE REGRESSION: 834.2 NORMALIZED: 0.03255

MOTHEREQ

ORDINARY LEAST SQUARES
ANNUAL(1960 TO 1979) 20 OBSERVATIONS

DEPENDENT VARIABLE: MOTHER

COEFFICIENT STD. ERROR T-STAT INDEPENDENT VARIABLE

166.851 552.0 0.3023 CONSTANT

1) 4.87825 0.3761 12.97 GDP$75EUR

2) 1176.67 419.4 2.806 DMI

R-BAR SQUARED: 0.9031
DURBIN-WATSON STATISTIC: 2.0761
STANDARD ERROR OF THE REGRESSION: 504.4 NORMALIZED: 0.06927

PRlQEQ

ORDINARY LEAST SQUARES

ANNUAL(1962 TO 1980) 19 OBSERVATIONS
NT VARIABLE: PR?

COEFFICIENT STD. ERROR T-STAT INDEPENDENT VARIABLE

1) 0.218438 0.08613 2.536 PR1\1

2) 28.5251 3.914 7.288 ClEPRLD\ +E~ 3
3) 18.8667 .850 6.620 DPR

R-BAR SQUARED: 0.9221 CRELATIVE TO Y:0, RBSQ: 0.9874)
DURBI N-WATSON STAT ISTIC: 1. OR .
STNDARD ERROR OF THE REGRESSION: 5.996 NORMAWLIZED; 0,1259

--f •_ _I_ _ii ---_ _...... .._II...._ _-__ _,,._-_,__ _,_._- .__ .,
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PICA76EQ
I9

ORDINARY LEAST SQUARES

ANNUAL(1960 TO 1980) 21 0 SERVATIONS

DEPENDENT VARIABLE: PICA71
COEFFICIENT STD. ERROR T-STAT INDEPENDENT VARIABLE

-0.770841 3.565 -0.2162 CONSTANT

-RS 1.05888 0.04119 25.71 P1~R-B1AR SQUARED: 0.706

DURBIN-ATSON STATISTIC: 1.7458
STANDARD ERROR OF THE REGRESSION: 9.987 NORMALIZED: 0.1392

PGUATEQ

ORDINARY LEAST SQUARES

ANAL(1960 TO 1979) 20 OBSERVATIONS

DEPENDENT VARIABLE: PGUAT

COEFFICIENT STD. ERROR T!-STAT INDEPENDENT VARIABLE

0.674788 2.774 0.2433 CONSTANT

1) 1.14411 0.03451 33.16 P1

R-BAR SQUARED: 0.9830
DURBIN-WATSON STATISTIC: 1.9698
STANDARD ERROR OF THE REGRESSION: 7.597 NORiALIZED: 0.1035

.1- i.



Appendix 2

LOGICAL STRUCTURE FOR OPERATION OF COFFEE MODEL UNDER
INTERNATIONAL COFFEE AGREEMENT (ICA) CONTAINING EXPORT
QUOTAS AND PRODUCER ACCUMULATION/LIQUIDATION OF STOCKS
TO KEEP COFFEE PRICE WITHIN RANGE SPECIFIED BY AGREEMENT

I. Basic Coffee Model Solution

SOLVE (t) COFFEEMODEL
IF Price less than $1.15 THEN "Export Quotas and Stock
Accumulation"

IF Price greater than $1.55 THEN "Stock Liquidation"
IF $1.15 < Price < $1.55 THEN SOLVE (t+l) COFFEEMODEL

II. "Export Quotas and Stock Accumulation"

QEXWORLD - ICA global export quota (000 bags) - a series
QEX@Region - ICA export quota assigned to each country or

region (000 bags) - a series
QQ = export quota cuts - V(.975,.950,.925,.900)
EXPORTS@Region - QQ*QEX@Region and
QINV@Region = stocks accumulated through quota operation

- QEX@Region-EXPORTS @Region
SOLVE(t) COFFEEMODEL for new EXPORTS@Region
IF $1.115 < Price < $1.55 THEN SOLVE(t+1) COFFEEMODEL ELSE
try next QQ and new EXPORTS@Region
IF after all QQ have been tried and $1.15> Price THEN exit
with message "Quota cuts and stock accumulation are
insufficient to move price into ICA range; this occurs inyear t."

III. "Stock Liquidation"

LQQ - rate of stock liquidation - V(0.1 to 1.0, step 0.1)
EXPORTS@Region - QEX@Region + LQQ*SUM(QINV@Region)
SUM (QINV@Region) - SUM (QINV@Region) - LQQ*SUM (QINV@Region)

(this expression can be negative)
IF SUM(QINV@ALL Regions) > 0 THEN SOLVE (t) COFFEEMODEL with
new EXPORTS@Region ELSE exit with message "Liquidation of
stocks accumulated under quota operation is insufficient
to move price into ICA range; stocks reach 0 in year t."
IF $1.15 < Price < $1.55 then SOLVE (t+l) COFFEEMODEL ELSE
try next EDQ (eve~tually SUM(QINV@ALL Regions) will reach 0)

I



Appendix 3

Model Used for Quota Simulation

QCOLEQ: EQUATION +(.
1>QCOL= <-275>+<.14> 1 + C .4 6 xP12> + >d43 DC*OL 1 0 28> 1-c1O.5 54CS 3 2X
3>QCQL\2-+C11.1456>xPR1\24.(1437.51>)

QN= : EUAT ION
r>QNI4= 7110 .5> + <0.708054>x(Q4I4\l + <20.5S25,>'PR1\l 96

2>4 +:1185.1> DNAM

GASIA40CEEO: E AT
2> -AOC\ <W 21> IAOEl !.8V +,l1 7>"

P<'11.2 >PRV

QS*IOhERE < EQUTION
1QMOHEK. rc5 0026> + <0.762773>mQSA4DTIER\1 +. 0.70501:1"M\1&

2> + c358.521> DSAI4OTIER

MHBRAEQ: EQUATO
1>"kRA - <1.22 > + <.5VI11xAHBRA\1 +. <20.;1~"R17
2> + <0 .474394>x AHBRA\1- < 81 .225).e<0.559341 arM 2\zO.t93x 69
3>PR1\8)

?E2Q&-AWILBRA

IEBRAE9 EQUATIN
1>IEBRA _-75 0> + CO. 838 'CC EBRA\
2>4+ <0.40 2 >>5rz-('-11556. .O+O. 5339 C+E lr~11

?AF2Q EQUATION 9.AR

AFREQ 0 7 .58> + <O.990399>xOAR\1 + <31.4872>x 64

INR-IF BRA-CONBRA-IERA-IEBRA\1)) LEQ QEXBRA THEN QINV8RA\1
2>(NBRA-C IEBRA-! EBRA\ 1))-XBA)QINVBRA\ 1

?>Q2V o-IF QC&O-CONCOL-(IECOL-IECOL\1)) LEQ QEXCOL THEN QII4VCOL\1
2> ~OLCONCOL-( IECOL-I ECOL\ 1))-QECOL)4Q1PACOL\ 1

OLIO!

>SE& 99I NACO M-IEI44-IENA4\ 1)) LEQ QE)046I4 THEN QINIMW4\ 1
2>& qNN4-CONI4-(IEPW4~E~4\1))-QEXNAM)+QINVNA.4\1

? -I QAR-COi~f-(IEFR-EAFRl))LEQQEXAFR THEN QIKNIDFR\1
2> QAR RIAFR-QEX\)EXA> RQIVAFR\ 1INASAOCEEQ:EQ?ATION

?>EWSIS. -F QAS IA&OCE-CONASIAIOCE-C IEASIASOC- IEASIA&OC\ 1))LQ

3> A _IjIA&OCE\ 1))--QEXAS IA6ACE).
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SIWtSMOTHEREQ,:E RAT ION
>?1VAO QSMTE-OSMT -I ESMOTER-IESAMOflEt\ 1)) LEQ

2> X AwOHR THEN QINVSAMQTHER\1 ELSE 66
3>( SJOER CONSAMOTiHER-( IESAI4THER- IESN4OTIER\ 1))-.QXSMTWER)e

I1 NVSMOTfR 1
EXBRA EQ EQUATION
1>EXBRA IF CQBRA-WC0NRA-CIEBRA-IEBRA\1)) LEQ QEXBRA THEN EXBRA ELSE 99
2QEXBD.,A

EXCOQ : EQUTION
1'EXCOL=IF CQOL-CONCOL-CIECO EOL1)LEQ QEXCOL THEN EXCOL ELSE 5

EXSMOTHEAR Q:EAION
2>QEXSMO T H XAOHE LEEESMT

EXQE: EQUATION1 EARIF CQAFR-CONAR-IEAFR-IEAFR\1)) LEQ QEXAFR THEN EXAFR ELSE 69
2>QEXAFR

EXASIA&OCEQEQ: E UTION
1>EXASIASOC F QASIACOCE CONSIACCE-( IEASI ABOCE-IEAS IA&OC\1)) LEQ 5
2>QEXASIACOEIEEASIAOE ESE QEXAS IA&OCE

EXWORLDEQ: EQUATION
1'EXWORLD=-EXBRAMEXCOL+EXNN4+EKSMOTHER+EXAFR+EXASIACOCE

EXNAJQQ EQUAT ION
1>ENPIF QNAM-COHAI4-CIENM-IENAM\1)) LEQ QEXNW4 THEN EXt*4 ELSE 66

P =EQ +E 0.21I438>xPRI~ + <2.25> 99
2>C iMWEORLD\14.MWORLD\2)/CIEPROO\ i+EXWORLD))) + clB.B667>xDPR

1>~ilF S201.3>-<46297,>xPR1+c1.876>xGOP$5EUR) LEQ 5$>x

2,A2xEXWORLD THEN MEUR ELSE A2xEXWORLD

I>O* -1F ^IIN5> .72>xD$5U+17.67''DMI) LEQ 5
2>A3xEXWORLD THEN MOTHER ELSE A3XEXWORLI)

P?EPIATION

IEPRODTOTEQ: EQUATION
1>IEPROD=IEPRO1DXBRA4 IEBRA

PIC76?: EV J I + <1.0588b>xP1

V>- 40.0123>"PR1 - 2.89770>xVNP$75US 5
2> + <97.3 3> DCUS,

f= NaANW+ISfDM 4WR IAIS
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M ,ATEO: EOUATION
I> T= HM7 7 88> + <1.14411>XP1

>PRIC= +1.33736xP

PCOLEQ: EQUATION
I'PCOL= <5.80259> + <1.13986>xPl

I>NLA-- <U71M + <1.13934>xP1

POTHEMILDEQ: EQUATIONI>POTmERmILD- + <1.09956>3xP1

PRO STAEQ: EQUATION
I>PROBUSTA= <-8.60254> + <1.11112>xp1

Routines (Based on Appendix 2)
Used for Quota Simulation

SOLVE: ROUTINE
0.5>DO FINISHER
1 >SET INT=82 TO 86
2 >OR IGMODEL=COFFEESQUOTA2
3 >DO START

START: ROUTINE05>OPIDATEDV@INT PGIN <1 => SATTEI M,0.75>DbYSPLAY "SOLVING e: Ri.YACTRDTCIT),

I >SOLVE<WARNINGS=NULL> ORIGMODEL
2 >IF PICA76 LEO 115 THEN DO LOW975

>ELSE DO THEN DSUMIWS01

DECIDE2:ROUTIF

> ELSE DO FINISE

FINISDER ROUTINE

>dCFEE I LO T A 2 )

f~2363

> OCE= 0373
9>: ' , IFIWS E NA) THEN DO NEINV

.017 -ROEGIN
8: E :L Ozll Ef;QIJTA2Iz
I. DO 5TEN DO0W950

)DECIDE C

i~~~~~~~ ~~~ N___________________ _______________
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LOW950: ROUTINE
1>D0 FINISHER
2>LOOP I BY QUOTAS BEGIN> I=IX .9 5
4> END

>SOLVE COFFEEOQUOTA2

>IF PICA75 LEO 115 T1N.8 OW925
1> ELSE GO TO DCIDEI

.8>DECIDE:IF PICA7 GEQ 155 THEN DO SUMINVS01u> ELSE DO FINISHER

LOW925: ROUTINE
I>DO FINISHER
2>LOOP I BY QUOTAS BEGIN• I=I .25

4> END
g>SOLVE COFFEES TA2TRACKLOW.925)
7>IF PICA75 LE 1 5 THEN6O LO00
8> ELSE TO DECIDEl
9>DECIDE1:IF PICA76 GEQ 155 THEN DO SUMINVS01
0> ELSE DO FINISHER

LW900: ROUTINEl>0FINISHER
2> LOOP I4 Y QUOTAS BEGIN

4> END
5>SOLVE COFF OTA2
• TRAgKLO=VC TRACOLOW 9)
>IF PICA75 LEO 115 THEN It
I>DISPLAY /,"qUOTA CUTS ARE INSUFFICIENT TO MOVE PRICE INTO ICA RANGE",

>LEGO TO DECIDEl
lj>DECIDEl:IF PIA6 & 155 THEN DO SUMIJWS01I > ELSE DFINISHR

DOSUMS: ROUTINE

NEWQ)INV- ROUT NE!IWVBiRAUNDBRA

>11tIwSMDTHER
SINVAFR2-I4AF

5>QINVASI ACZ=SUM4AS IMOCE

SUMINVSOl: ROUTINE

1>I ~ BAX. Q -

>,,,

,0 FISUNISSTHER+SUftM+SUASIA6ME11 DtAYA OQUOTA 0ox EO "..
11*0O FINISHR
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HIGHO1: ROT4~
1 >COFFEE ~TA2=COFFEE @ JOTA2 EXCEPT NL(EXBR L8E2E,

0 a . XI&OM &

4 )2WRAV 2 EX, CONCAT NL 1 REOOEXCOLEQH1
>EXAWQ AIOHEE..~1EXAFREQH61, Q~

S> EXA AOCE 1IOTME>COF EQOTZORDER( COFFIEQUOTA2)E
SOL OF EUYTA2B TRACKHIGHV( .1

>'IF PICA76 GQ 155 TIHEN DO SUIWNS03
is >ELSE DODECIDE2

SLV4IN 03:R INE
1>5 B46S BRF. 7
2>S COL=SIJ4COLXc.7
3> NAM--__vN4X7
4>S 5MOE SIJMOTHERx *7

>S FR=-SLAFRt~ 7
>S5 -~LBAS O SL4NAM+.SUMSS*OTHER+SUISffRSUIASIASOCE)

1>I 1 J. E 0 THEN DO IGHO3
ll>ELS SPA [,QUTA SOCKS REACH Off,/

H1>CdFEE OT2COFFEE QOTA2 EXCEPT NLCEXBRE 1EVEQO,
2>EXNAMwEOtI)1 EXSAMOTMEBE 01 EXAFREOH 1XAI VW~E1

>COFFEE gQt2=COFFEE 08 TA CONCQOAMNCXRE13 EXLQH03
4>EXNAMEQU EXA MEE E

E!XASI AOEQ~) RQOXF O3
b>COFFEE~QUTA2--ORDER( COFFEESQUTA2)

S>SOLVE COFENIQUOTA2
I TRACKHIGHV(TRACKIGH .3)>FPICA76 GQ155 THEMD SIWINS05
is> ELSE O DECIDE2

SlI1 05: R 1 N
1> BRA-S~qRC
2> ~COLxj

4>5 StOTE - SAMDTHERx.*5
5> AFR=I.1 5
~>IFAI~ 1 . +AS'AJ4LIMT+SUM SAFOttt+M RUIASIASOC)
1>1L Q 0IEN DO MIGH05

13>EDO FNSHaR , QUOTA STOCKS REACH Ot,,/

>~COFFEE TMZCOFF A2 EXCEPT NLCEXERA E 10 .

5> E2

J.> 
?R E IW TAT 5 ~ 5A ~ E ~ I

IF PI G 6 SU?4ItffSO7

>./0,

,1M

~- .-
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HIGH7 ROUT I NE
1>COFFEE0QUTA2=COFFE§UTA2 EXCEPT tQHD5,C

2>ENAEO05 XSMO 5 EXAFREQH CEXBAEQ5Exl
4>COFFEE@QUOtA2=COFF W OCT7R Q0

>EXNME EXSAI4OT1HEE ,
5> EXASI A ~!Q7)
b>COFFEE -gO AORDER COFFEQUOTA2)
7>SOLVE FE WUTA2
5>TRACKHIGHV TNHIGH 7)
9R>IF PIA E 5 D SL.MI1WS09

> LSE DO DCIDE2
SUMIWSV09: R INE

>SBRAMS BRAF.001

9>ESE RIT BUAL
1b>DO FINISHER00

2>s~WEI A EX-S A'tfEE EXFH0EA CEL1
>s AS~f0LA=EXASIA&P i

J>COFFSEmlUBTA+ORDECOFF5 UMSAOHE+SMFTAM2)I&OE

1>ELPRINT SUAL
12>DO FINISHE

?PRINTEXRTAAEHO EV0A2~O EXCREPT0 NEXBRAECGI07 EXRA Ewpgg

2>04W§7 EXS-C~AMOHCOHEBAERA1 LE EXRA TE EDAELE
UXREH3 EQUATIONV';EQ9,

1>COFFEEF QBRA-=COFE§V ONANtIBAEH
>QXRC 3KSUIWB 0, :I SAIER~EQ9pXA HENEXR ESEC

> EXBRA C)

>SLV LEQ TABATHNEBA LEC

VIH




